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ABSTRACT: Historically, African American and other underserved students encounter academic challenges in pursuit of

a college degree—one of which is their performance on standardized tests. This paper analyzes College Grade Point Averages (CGPAs), ACT Composite (ACTC), and SAT Total (SATT) scores of students who participated in the Health Sciences
and Technology Academy (HSTA), an out-of-school-time (OST) program, and Non-HSTA (NHSTA) students attending
West Virginia University. Traditionally, OST programs provide academic enrichment to underserved youth to increase their
chances for post-secondary entry and success. Two-Way Factorial ANOVA determined if HSTA participants performed
better on academic measures than their NHSTA counterparts. The ANOVAs showed statistically significant differences
based on Status (HSTA/NHSTA) and Race (African American/White) on the SATT and ACTC. Although not statistically
significant, there are favorable outcomes on the CGPA for African American HSTA students comparable to their Non-HSTA
counterparts.

INTRODUCTION

During the mid-1800s Horace Mann made an effort to
address the social inequalities in the Boston Public Schools
by introducing the first concepts of standardized testing—
the Common Exam. Mann’s intent was to acquire unbiased
valuable information with the purpose of restructuring a system in which all students would have access to an equitable
education. As he so eloquently wrote,

anism for categorizing individual students as intellectual
elites, standards, or dregs of society. The modern forms of
the Common Exam, the Scholastic Assessment Test (SAT)
and the ACT, are now academic measurements utilized as
indicators of mental aptitude/abilities and are oftentimes a
determinant of college admission in the United States (Borman et al., 2003; Rothstein, 2010). However, underserved
(e.g., African American, financially disadvantaged, first generation college) students may not perform well on these entrance exams, which may serve as obstacles to post-secondary pursuit (Cates and Schaefle, 2011; Jencks and Phillips,
1998; Walpole et al., 2005). Standardized tests are a highly
studied indicator of the achievement gap between served and
underserved youth, and there is a definitive disparity in these
scores that occur along the lines of race/ethnicity, gender,
family, and household income (College Board, 2014; National Center for Education Statistics, 2012).

Education, then, beyond all other devices of human
origin, is the great equalizer of the conditions of men –
the balance-wheel of the social machinery . . . it gives
each man the independence and the means, by which
he can resist the selfishness of other men . . . it prevents being poor (Mann, 1848).
What was originally a tool for addressing educational
inequalities has developed into, over the centuries, a mechJournal of STEM Outreach
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liverables such as grades and standardized test scores. Implementing evidenced-based evaluations in the OST realm
could proceed as such: assessing student responses regarding preferred modes of learning (e.g., listening to the teacher
talk in front of the class vs. completing hands-on projects)
relative to how well they design and implement research
projects or documenting parental perceptions of an OST program effectiveness in regard to increasing performance in the
classroom. A more rigorous design would include random
designed experimental-control studies examining predictors
of academic success that utilize both cognitive and non-cognitive factors. This research could enlighten OST directors,
educators, and policymakers as to best practices for creating
or redesigning program components. As such, an important
question for educators and policy makers to consider is “Can
OST/science, technology, engineering, and mathematics
(STEM) enrichment programs increase academic achievement outcomes, namely standardized test scores and CGPA
for underserved students?” Another important question is
“What are possible programmatic elements that can help to
address the racial/social stigmas that underserved students
encounter so that they can reach their highest level of academic potential?”

Addressing the Achievement Gap in Standardized Testing. The U.S. has implemented numerous policies and pro-

grams to address the achievement gap beginning with the
1954 Brown vs. Board of Education Act stipulating that the
“doctrine of separate but equal . . . had no place in the field
of education” (National Center for Public Policy Research,
2016). Ten years after this landmark decision, in response to
Section 402 of the Civil Rights act of 1964, James Coleman,
a then prominent sociologist, spearheaded the release of the
governmental report titled “The Equality of Educational
Opportunity.” This report was the first national attempt to
assess the “lack of availability of educational opportunities
for individuals by reason of race, color, religion or national
origin in public educational institutions at all levels in the
United States…” (Coleman et al., 1966, p. iii). On the precipice of the Coleman report, the government responded by
implementing The Elementary and Secondary Education
Act of 1965, requiring school districts to integrate in order to
receive federal funding in hopes that integration would enhance the learning of underserved students (Pitre and Pitre,
2009). Over half a century has passed since the “Coleman
Report” and the “Education Act of 1965,” and our nation
continues to grapple with the question of how to reduce the
achievement gap between underserved students, specifically
African Americans, and their counterparts.

The Health Sciences and Technology Academy Model.

For 25 years, the Health Sciences and Technology Academy
(HSTA) has served as an academic enrichment program for
African American, first generation college, financially disadvantaged and rural students of West Virginia. The program
provides critical academic and social skills to assist students
as they progress through the educational pipeline from high
school to college. HSTA’s mission is to increase the number
of African American and other underserved students in West
Virginia who pursue degrees in health sciences/STEM majors, thereby increasing the number of health practitioners
and advocates in medically underserved communities as well
as STEM graduates. As a grassroots, community based organization in partnership with institutions of higher learning,
HSTA provides an academic experience to assist students in
reaching their highest potential and realizing their dreams of
academic and life success. In 2013, HSTA designed a logic
model detailing the program’s goals and strategies as well as
the short and long-term outcomes for intended participants
(See Figure 1).

Evidence-Based Reform: Addressing Educational Disparities. The use of objective evidence to guide educational

reform in our nation’s schools has grown increasingly common. Educators and researchers employ a variety of methods
to evaluate the efficacy of in-school programming, inform
the design of academic offerings, hold educators accountable for results, and so on. However, standardized tests are
the gold standard for measurement. Despite criticism of the
role standardized testing plays in America’s education system today—e.g., structure and content may not be accessible
to all students and educators are now “teaching to the test”—
these test scores are used to determine school efficacy, identify students for college-track versus vocational coursework,
and finally acceptance/rejection for college admittance.
As an analytical tool for addressing educational disparities, evidenced-based reform—the use of rigorous research
to inform the practice of education and educational policy—
is a valuable pathway toward improving U.S. educational
systems; however, the experimental designs must be based
on sound methodology (Cooper, 2013; Haney, 1977; Kennedy, 1978; Slavin, 2005; Wandersman et al., 2016).
Evidence-based reform largely focuses on time in school
systems; however, OST programs can apply this concept. To
help combat the challenges encountered by at-risk students,
OST programs must strive to cultivate academic achievement
in measurable ways by providing supplemental educational
resources that may directly affect measured achievement deJournal of STEM Outreach

Organizational Strategies: Addressing Racial and Societal Barriers. Steele, Spencer, and Aronson (2002) provide

two primary organizational strategies (relational and contextual) for lessening the effects of stereotype and social
identity threats which closely align with the HSTA model.
Relational strategies are friendships, expert tutors, mentoring and ability affirmation, and success-affirming role
models and mentors. HSTA provides countless opportuni2
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HSTA Logic Model
Program Strategies

Program Goals
1.

2.
3.

Decreasing rates of unfilled WV
healthcare provider positions among
underserved minority populations and
in underserved rural areas by
increasing the rates of adolescents
from those backgrounds choosing
health science careers and WV
residency.
Supporting the academic and college
success of WV high school students
from minority and rural backgrounds.
Promoting adolescent, adult, and
community health and well-being in
WV.

Entry Requirements
Participants are from an underserved minority
group or rural area and may or may not face
challenges to college entry or success.
Participants include:
• Members of an underrepresented group
in the WV healthcare provider community,
especially African-Americans
• First generation college students
• Low socioeconomic status students
(Free/Reduced Lunch)
• Rural students, especially those from
areas that are chronically underserved
due to difficulties attracting or retaining
healthcare providers

Authentically powerful incentives
Clear expectations for program success/student
accountability
3. Communities of support (family, school, peers,
mentors, community-at-large)
4. Provide a skilled, supportive, and effective oncampus mentor/projects coach
5. Exposure to diverse positive role models in
multiple environments (school, community, college)
6. Immerse students in STEM-related activities and
environments
7. Immerse students in the college environment
including exposure to current college students,
college graduates, professors, and diversity
8. Facilitate student completion of in-depth research
projects that:
•
Use forward chain learning strategies (skills
building on skills from year to year)
•
Maintain increasingly challenging standards
that promote students’ authentic sense of
success (much more required from seniors)
•
Make meaningful contributions to community
health and well-being
•
Generate products capable of scientific
publication/presentation/policy influence
9. Reinforce items 1-8 through repetition (once isn’t
enough, multiple camps, projects, mentors)
10. Reinforce success through recognition of student
accomplishment (Symposia, PR, etc…)
11. Incorporate fun into the program to promote
positive association and retention
12. Provide on-going support after program
completion/high school graduation

Short-term Outcome
Variables/
Mediating Variables

1.
2.

Increasing Levels of the
Following
Individual/Psychological
Factors:
•

•
•
•
•
•
•

Pro-Academic Identity including
Intellectual Risk-taking
Self-Confidence/Empowerment
Goal Orientation
Hopefulness/Optimism
Participatory Citizenship
Cultural Literacy/Diversity
Measure
Coping Skills

Community/Social Factors:
•
•
•

Sense of Community/Community
Connection
Social Support
Mattering

Demonstrated mastery of:
•
•
•

Research Skills
Professional Etiquette
Time-Management Skills

Note:
This program model describes the
psychological and social growth HSTA
attempts to promote in young people in
order to support college and life success.

Long-term Impact
Variables
Program Level
•

Program Completion

•
•
•
•

Graduation Rate
Standardized Test Scores
GPA
ACT/SAT

•

Enrollment in higher
education
Bachelor’s Degree
Bachelor’s Degree in STEM
Bachelor’s Degree in Health
Sciences
Graduate/Professional Degree
Graduate/Professional Degree
in STEM
Graduate Professional Degree
in Health Sciences

High School Level

Higher Education
•
•
•
•
•
•

Benefits to State
•
•
•
•

WV Resident post-college
graduation
WV Resident w/STEM and/or
Health Science Career
WV Participatory Citizen
WV Participatory Citizen
w/STEM Career and/or Health
Science Career

Lifetime Health Outcomes
•
•
•
•

Adolescent Health Outcomes
(YRBSS)
Adolescent Quality of Life
Adult Health Outcomes
(BRFSS)
Adult Quality of Life

Figure 1. HSTA Logic Model of Program Goals, Entry Requirements, Strategies, and Impact Variables.
ties for students to build friendships and encounter success
affirming mentors/role models by building communities of
support exposing them to diverse positive role models at
school, in their communities, and from university campuses. Participants also receive affirmation of their success by
recognition of their accomplishments through HSTA events
or the media. HSTA trained teachers provide expert tutoring
which guides and helps participants in completing a yearly
in-depth research project designed to promote skill building and maintain increasingly challenging standards as they
progress through the program with the goal of promoting
an authentic sense of success in the participants. According
to Steele et al., an organization’s settings represent contextual strategies whereby there is value in racial and social
identity, a diverse philosophy and minority presence exist,
and there is a presence of procedural justice and minority
trust. As a program designed to promote the success of underserved populations, the HSTA model embraces relational and contextual organizational strategies.
Regardless of race, gender, or socio-economic status,
HSTA encourages students with the belief that they can
accomplish their aspirations with hard work and perseverJournal of STEM Outreach

ance. Students also encounter a minority presence given
that they interact with individuals from backgrounds similar to their own who have overcome the odds by earning
higher degrees and having successful careers (Hornbeck,
2017). As a grassroots organization, a panel of local community individuals (e.g., parents, business owners, former
HSTA participants, medical practitioners, etc.) set and
guide HSTA policies and procedures. Fellow community members who have their best interest in mind govern
HSTA students and; as a result, they experience an atmosphere of procedural justice and minority trust. Thus, all
students, with no exceptions, are held accountable (e.g.,
probation or possible expulsion) if they do not meet the
program standards. By modeling these relational and contextual strategies, HSTA creates and promotes an environment dampening the effects of stereotype threat and social
identity stigma, which could otherwise impede participants’ academic success. HSTA participants receive affirmations that they belong, that they can succeed, and that
they have a social support system through HSTA to assist
them in their success through college and beyond (SmithBranch et al., 2018).
3
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Table 1: Student Demographics by Status and Race
HSTA

NHSTA

Total

Blacks/African Americans

88 (2.72%)

3143 (97.28%)

3231

Whites/Caucasians

218 (0.30%)

72136 (99.70%) 72354

Total

306

75279

grade point average (HSGPA) of 2.48 or above was required,
as this was the lowest HSGPA of HSTA students. In addition,
West Virginia residency was required for the NHSTA cohort.
We used the statistical software SAS 9.4 for Windows during
the data analysis process. The final data set comprised 306
HSTA and 75,279 NHSTA students totaling 75,585 participants. The participants’ demographics are 3,231 African
American and 72,354 White students. Table 1 provides detailed demographics by Status and Race.

75585

Notes: Percentages in parentheses are computed within rows.

Purpose of the current study. This study seeks to deter-

mine if HSTA participants have higher overall academic performance measures (i.e., CGPA, ACTC and SATT scores)
than Non-HSTA participants attending college by considering the following questions:
(1) Do Status (i.e., HSTA and Non-HSTA) and Race (i.e.,
Black/African American and White/Caucasian) have an effect on the academic performance of the populations?
(2) Do Status and Race interact to effect the academic
performance measures?
There is minimal research that examines whether participants/graduates of pre-college enrichment programs have
been better prepared to pursue 4-year degrees compared
to those who have not. The purpose of this study is to determine if students who receive the HSTA intervention are
more likely to attain higher college entrance standardized
test scores and CGPAs because they receive pre-college services that provide them with the foundation to reach their
academic potential. In a previous study, HSTA’s high school
students showed a competitive edge in performance over
their Non-HSTA counterparts on state-mandated standardized tests (Smith-Branch et al., 2018). Essentially, HSTA
makes a difference in the lives of students in both the development of their skills and knowledge as well as their access
to higher education (McKendall et al., 2014). This study is
an analysis of HSTA’s impact on participants’ educational
success in high school and in college.

Factorial Analysis. A complete factor analysis, which is ad-

vantageous in examining the main effects of two or more
independent variables simultaneously as well as interactions
between the variables, was used in the data analysis (Collins
et al., 2009; Lavrakas, 2008). In general, factorial designs
are most efficient for this type of experiment given that an
examination of each complete trial/replication of the experiment and all possible combinations of the levels of the factors takes place.

RESULTS

We conducted analyses on each of the dependent variables (i.e., ACTC, SATT, and CGPA) and the two main factors (Status and Race) to determine statistically significant
differences. Table 2 provides the GLM models for each of
the dependent variables. The models show evidence that the
means of the dependent variables for Status and Race are
different. In Table 3, the Type III SS is presented for each of
the models displaying significance levels of the main effects
and their interaction.
Analyses of the GLM models for the mean ACTC and
SATT scores show an effect on Status (HSTA/NHSTA) and
Race (African American/White). Given the p-values, there
are significant differences between these groups; however,
the interaction terms show no differences. Although the overall GLM model for CGPA show a significant difference, the
Type III SS does not show significant differences for Status,
Race or the interaction. However, when the CGPA model was
repeated without the interaction term, it showed a significant
difference for Race F (1, 72,891) = 26.28, p = <.0001). The
mean difference in CGPA for African American (n=3019)
compared to White (n=69803) students was 2.54 vs. 2.92 and
for the HSTA African American (n=88) compared to NHSTA
African American (n=3003) students, it was 2.67 vs. 2.40.

METHODS
We utilized archival internal data from the West Virginia
University (WVU) registrar’s office for students enrolled
during the 1997-98 through 2011-12 academic calendar
years. The data set includes demographics (i.e., race), high
school Grade Point Average (HSGPA), ACTC, SATT scores,
enrollment status, and cumulative CGPAs for all undergraduate students. In order to perform the analyses, a high school

Table 2. GLM models by Dependent Variables for Status and Race (All Participants)
X̅

df

37710

22.56

3

40229

1030.93

3

72892

2.80

3

Model

CT

ACTC
SATT
CGPA

SS
8808.67
18233881.0
508.694

MS
2936.22
6077960.3
169.565

COV

R2

RMSE

F Value

Pr > F

16.76
13.81

.02

3.78

205.41

**

.02

142.32

300.06

**

156.40

.00

4.38

8.84

**

Note: CT = Corrected Total; SS = Sum of Squares; MS = Mean Squares; R2 = R-Square; RMSE = Root Mean Square Error; COV = Coefficient of Variation; significance level = **p < 0.0001

Journal of STEM Outreach
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HSTA participation has no statistically significant difference
on the CGPA of HSTA compared to NHSTA students.
In order to determine where the differences are in the mean
scores across the groups for the ACTC and SATT scores, we
used Tukey’s Honestly Significant Difference (HSD) adjustment for multiple comparisons. The Tukey-Kramer procedure shows the difference in the mean scores between HSTA
and NHSTA students on the ACTC and SATT is -0.98 and
-67.21, respectively (See Table 4). Analyses of the variable
Race also produced statistically significant differences in the
ACTC and SATT LS-Means between African American and
White students (See Table 5). The simultaneous 95% CL between LS-Mean(i) and LS-Mean(j) for each of the variables
is also presented in Tables 4 and 5.
Tables 6 and 7 also display LS-Means and the 95% Confidence Limits for Status by Race for ACTC and SATT, respectively. The multiple comparisons show significant differences for all of the interactions for ACTC scores. It is also
important to note that the NHSTA African American students’
ACTC score is significantly different from the HSTA African
American students (p=0.03). The 1.89 difference between the
means for HB and NHW students is lower than the difference
for NHB and NHW of -2.79. The largest difference in ACTC
LS-Means was between HW and NHB (-3.85) compared to a
-2.95 difference between HB and HW scores.
SATT LS-Means scores and significance levels represented in Table 8 for the interaction between the main effects

Table 3. GLM Procedure for ACTC, SATT and CGPA Scores
Source

DF

Type III SS

F Value

Pr > F

ACTC
STATUS

1

222.601704

15.57

<.0001

RACE

1

1906.517238

133.38

<.0001

STATUS*RACE

1

1.422347

0.10

0.7524

STATUS

1

360334.0649

17.79

<.0001

RACE

1

742698.6441

36.67

<.0001

STATUS*RACE

1

5522.6243

5522.6243

0.6016

STATUS

1

13.60082884

0.71

0.3998

RACE

1

36.05460851

1.88

0.1704

STATUS*RACE

1

0.24803942

0.01

0.9095

SATT

CGPA

The ACTC and SATT models shows that there is a difference
between HSTA and NHSTA students as well as between African American and White students; however, the interaction
terms in each of these models illustrates that the effects of
HSTA do not differ for African American and White students
in terms of ACTC and SATT scores. Comparatively, the
CGPA model demonstrates no difference for Status (HSTA
vs. NHSTA), Race (African Americans vs. Whites) or the
interaction between Status and Race. It is determined that
the effects of HSTA participation are evident in the first two
models of ACTC and SATT for the main effects; however,

Table 4. LS-Means for Dependent Variables by Status Adjustment for Multiple Comparisons: HSD
95% CL
LS-Mean

Simultaneous 95% CL

Standard
Error

t-value

Lower

Upper

Diff. Between
Means

LSMean (i)

LSMean (j)

-3.95

21.76

22.70

- 0.98

-1.47

0.49

21.14

21.36

1019.10

1081.19

-67.21

-98.44

-35.98

979.49

986.38

ACTC
HSTA

22.23**

0.24

NHSTA

21.25

0.06

1050.16**

15.84

982.94

1.76

SATT
HSTA
NHSTA

-4.22

Note: ** p < 0.0001

Table 5. LS-Means for Dependent Variables by Race Adjustment for Multiple Comparisons: HSD
95% CL
LS-Mean

Standard
Error

Black

20.31**

0.21

White

23.17

0.13

968.30**

12.50

t-value

Simultaneous 95% CL

Lower

Upper

19.89

20.72

22.92

23.43

943.78

992.81

1045.43

1084.14

Diff. Between
Means

LSMean (i)

LSMean (j)

-2.87

-3.35

-2.38

-96.49

-127.72

-65.26

ACTC
-11.55

SATT
Black
White

1064.79

9.87

-6.06

Note: ** p < 0.0001

Journal of STEM Outreach
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Table 6. LS-Means for ACTC by Status*Race with 95% Confidence Limits and Adjustment for Multiple Comparisons: HSD Pr > |t| for H0: LSMean(i)=LS-Mean(j)

95% CL

Simultaneous 95% CL

LS-Mean

Standard
Error

Lower

Upper

i

j

NHB

19.85

0.11

19.63

20.08

NHB

NHW**

NHW

22.64

0.02

22.60

22.68

NHB

HB

HB

20.76

0.41

19.96

21.56

NHB

HW**

HW

23.70

0.26

23.19

24.21

NHW

HB**

NHW

HW

**

HB

HW**

t-value

Diff. Between
Means

LSMean(i)

LSMean(j)

24.03

-2.79

-3.09

-2.49

2.13

-0.91

-1.99

0.19

13.61

-3.85

-4.57

-3.12

4.62

1.89

0.84

2.94

4.08

-1.06

-1.72

-0.39

6.10

-2.95

-4.19

-1.71

*

*p<.05, ** p < 0.0001
NHB=Non-HSTA Black; NHW=Non-HSTA White; HB=HSTA Black; HW=HSTA White

Table 7. LS-Means for SATT by Status*Race with 95% Confidence Limits and Adjustment for Multiple Comparisons: HSD Pr > |t| for H0: LSMean(i)=LS-Mean(j)

95% CL
LS-Mean

Standard Error

NHB

930.53

NHW
HB
HW

Simultaneous 95% CL

Lower

Upper

i

j

3.44

923.79

937.27

NHB

NHW

1035.34

0.73

1033.92

1036.76

NHB

HB

1006.06

24.76

957.50

1054.62

NHB

HW**

1094.23

19.74

1055.55

1132.92

NHW

HB(ns)

1.18

NHW

HW**

2.98

HB

HW

2.78

-104.81

**

**

t-value
**

29.81

Diff. Between Means

LSMean(i)

LSMean(j)

-104.81

-113.84

-95.78

3.02

-75.53

-139.79

-11.27

8.17

-163.70

-215.17

-112.23

29.28

-34.40

92.96

-58.89

-109.63

-8.15

-113.84

-95.78

Note: NHB=Non-HSTA Black; NHW=Non-HSTA White; HB=HSTA Black; HW=HSTA White.
*p<.05, ** p < 0.0001, ns = not significant; p-value between NHW and HB is 0.238.

showed that HSTA African American students’ scores were
significantly different from their Non-HSTA counterparts
(1006.06 vs. 930.53, p = 0.014). The results also revealed
that HSTA African American students’ SATT scores were
not significantly different from the Non-HSTA White population (p = 0.24). Nevertheless, the point difference between
the HB and NHW SATT was the least for all of the comparisons (29.28). Comparably, HSTA White students also
performed better on the SATT score than their Non-HSTA
counterparts (1094.23 vs. 1035.34, p = 0.003). The greatest
difference in the LS-Mean scores is between HW and NHB
(-163.70).
As with all studies, we recognize that there are limitations
to this study. One might argue that there is a selection bias
into the program, which brings into question the validity of
this study. We acknowledge that there is a possibility of selection bias; however, this study provides a controlled evaluation (Winkleby et al., 2013) on a matched cohort study of
HSTA and non-HSTA high school participants to determine
if the outcomes are program versus selection effect (SmithBranch et al., 2018). In the past several years, randomized
controlled trials (RCTs) have become increasingly popular
in the education field (Connolly et al., 2018; Deaton and
Cartwright, 2017). The HSTA selection process requires that
potential HSTA participants must adhere to specific criteria
Journal of STEM Outreach

(e.g., 2.5 GPA and have no disciplinary problems) and are
required to write an essay discussing why they would want
to participate in the HSTA program. The HSTA local governing boards; oftentimes, utilize these essays as a final factor
to determine admittance. Thus, to conduct a true RCT would
require restructuring HSTA’s process in student selection.
Although this is not a RCT, we do believe that this study provides some insight into HSTA’s role in possibly narrowing
the educational gap for underserved students. Another possible limitation is that HSTA participants are required to have
a 2.5 high school GPA to enter the program and must successfully graduate with a 3.0 high school GPA, which may
bring into question the validity of this study (Smith-Branch,
et al., 2018). In order to address the issue of selection bias,
we only included NHSTA students with comparable high
school GPAs to their HSTA counterparts. An important consideration is that the impetus for programs such as HSTA
is to provide the necessary academic enrichment; thereby,
germinating the seeds for growth and maturity in academia
and beyond; hence, the significantly higher test scores of the
HSTA participants.

DISCUSSION

Evidenced based assessment of social programs affecting
underserved groups is critically important given the political
6
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Table 8. LS-Means for SATT by Status*Race with 95% Confidence Limits and Adjustment for Multiple Comparisons: HSD Pr > |t| for H0: LSMean(i)=LS-Mean(j)

95% CL

Simultaneous 95% CL

LS-Mean

Standard
Error

Lower

Upper

i

j

t-value

Diff. Between
Means

LSMean(i)

LSMean(j)

NHB

930.53

3.44

923.79

937.27

NHB

NHW**

29.81

-104.81

-113.84

-95.78

NHW

1035.34

0.73

1033.92

1036.76

NHB

HB

HB

1006.06

24.76

957.50

1054.62

NHB

HW**

3.02

-75.53

-139.79

-11.27

8.17

-163.70

-215.17

-112.23

HW

1094.23

19.74

1055.55

1132.92

NHW

HB(ns)

1.18

29.28

-34.40

92.96

NHW

HW

**

2.98

-58.89

-109.63

-8.15

HB

HW**

2.78

-104.81

-113.84

-95.78

**

Note: NHB=Non-HSTA Black; NHW=Non-HSTA White; HB=HSTA Black; HW=HSTA White.
*p<.05, ** p < 0.0001, ns = not significant; p-value between NHW and HB is 0.238.

and social climate of the time. The U.S. has attempted to improve the educational disparities of underserved youth, particularly those who are African American and from impoverished backgrounds. Since the 1960’s, the government has,
in the pursuit of educational reform, implemented federal
programs to assist students from disadvantaged backgrounds
(Bisser, 2009; Haney, 1977; U.S. Department of Education,
2015). This call to action resulted in government and private
agencies providing monetary rewards resulting in a plethora
of educational programs aimed at increasing the number of
underserved and underprivileged youth that attend college
and purse specific career paths (e.g., STEM). Oftentimes,
African American students are among the most poverty-stricken in the nation. According to the Condition of Education, “the percentage of students who attended high-poverty schools was highest for Hispanic students (45 percent),
followed by African American students (44%)…and White
students (8 percent)” (National Center for Education Statistics, 2019). Despite the great need for such programs, the
current administration has roughly suggested a $7.1 billion
dollar cut in education funding (Harris, 2019). Without federally funded educational programs that provide OST learning to enhance the learning experiences of underserved and
underprivileged youth, many would not have the advantages
of participating in programs such as HSTA. Accordingly, it
is important for such educational programs to offer empirical
studies examining the academic success of program participants to a comparative control group so that federal and local
agencies can make informed, data driven decisions about the
educational funding of such programs. To address this gap in
the literature, this comparative study analysed the academic
performance of HSTA (an OST/STEM enrichment program)
participants relative to their Non-HSTA counterparts. As an
academic and science intervention program, HSTA has become an important element to enhancing the academic performance of underserved students in West Virginia.
Over the course of four years, HSTA students encounter increasingly rigorous activities for building success as
Journal of STEM Outreach

they matriculate through the program, which can culminate
in taking a college-level course for academic credit prior to
graduating high school. We consider it necessary to interweave academic rigor and social support in order to build relationships for success. However, academic rigor and social
support are not enough; the curriculum needs to be relevant
to the daily lives of students to aid in their retention and
progression through the educational pipeline. Thus, HSTA
diligently seeks to create positive educational environments
and outcomes while attempting to dismantle the phenomena
of stereotype threat performance for its participants (Steele
et al., 2002). The result being that many go back into their
communities and become sources of inspiration (Hornbeck,
2017). Thus, HSTA understands the importance of involving parents/family members in the participant’s education
and supports these efforts by coordinating parental meetings
as well as encouraging parents to attend the annual science
symposia in which students present the results of their research project to a panel of judges and their peers. HSTA
believes parental/community involvement is crucial to understanding the social and cultural environment of our participants—a key component to meeting the needs of and
engendering participants’ success (McKendall et al., 2014).
Although there is research showing that OST programs can
have a tremendous impact on increasing pursuit of higher
degrees in math and science, including Master’s, PhDs, and
MDs (Carter et al., 2009; McKendall et al., 2014; Slovacek et al., 2011), there is still the need for more empirically
based studies (Cooper, 2013; Slavin, 2005). Such studies
could reveal the mechanisms through which these impacts
occur. This study offers some evidence that HSTA aids in
increasing standardized test scores, an integral component
of college acceptance and a probable tool to measure college success. There are few studies comparing the standardized test scores of high school academic enrichment/STEM
program participants to non-participants who have gone to
college (Bausmith and France, 2012). There is also a need
for comparative studies of CGPAs for academic enrichment
7
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program and non-program participants, and this study is the
beginning of such endeavors.

scores. HSTA students engage in challenging, diverse curriculum and build relationships with each other and with
academic mentors. These experiences are shown to support
students in being more effective test takers (McKendall et
al., 2014; Afterschool Alliance, 2015; Hodges et al., 2017).
As such, the effect of HSTA is twofold: students receive
the support and educational resources essential to pursuing
post-secondary study, and they go on to use this academic
trajectory to attain vital careers in health sciences and other
STEM areas (see Table 9). The goals set in place through
HSTA are upheld by creating community-academic partnerships, fostering family involvement, and implementing the
core program components of the HSTA club, the Science
Symposia, and the Summer Institute. Thus, HSTA diligently
seeks to create positive educational environments and outcomes while attempting to dismantle the phenomena of stereotype-threat performance (Steele et al., 2002). Essentially, these findings suggest that there is a positive correlation
between program participation and higher standardized test
scores, which exemplifies that HSTA, and potentially other
OST/STEM enrichment programs, has the potential to affect
the most important indicator of acceptance into post-secondary institutions. Further analyses through evidenced-based
reform of other OST/STEM programs should be conducted
in order to build upon the research substantiating the viabil-

Fostering Academic and Social Success. As an OST/

STEM enrichment program, HSTA participants receive the
essential tools to improve upon the gatekeeper qualifications
for students who historically exhibit lower standardized test
scores. One of HSTA’s primary goals is to prepare students
to pursue post-secondary study and ultimately a career in
Health Sciences/STEM related areas by creating community/academic partnerships, fostering parental/family involvement, and implementing core program components. The
results of this study indicate that HSTA White participants
show enhanced academic performance on standardized tests
(McKendall et al., 2014; Smith-Branch et al., 2018). HSTA
White students are surpassing their HSTA and non-HSTA
counterparts on all of the academic measurements. It is evident that the HSTA intervention shows an effect for HSTA
students on the ACTC and SATT scores. Although the results indicated that the HSTA intervention did not have a
statistically significant difference in the CGPA, nor the interaction of Status and Race, it is important to note that the
HSTA African American students are making some academic strides over their NHSTA counterparts. There is also the
distinct possibility that the HSTA intervention could play a
role in narrowing the academic gap between HSTA African
Americans and NHSTA Whites. The HSTA African American participant population showed significant differences in
their SATT scores from the Non-HSTA African American
students, and they are doing slightly better in other areas.
Furthermore, significant findings indicate that on some of
the academic measurements (SATT and CGPA), HSTA African American students are not performing under par in comparison to Non-HSTA Whites.

Table 9. Health Care Professions Majors and Careers Chosen by Grad-

uates of the West Virginia Health Sciences and Technology Academy,
1997–2019
Major/Career*

Conclusion. This study employed metrics typically used

to measure in school success and predictors of success in
STEM fields to measure out-of-school-time programming,
thus enhancing the body of empirical research with the purpose of validating the impact of academic/STEM enrichment
programs. More importantly, we have shown that participation in an OST academic program, specifically HSTA, has
an impact on enhancing the academic performance measures
of African American, first generation to college, financially
disadvantaged and rural students, revealing a best practice
for improving STEM workforce development. As such, we
believe that the HSTA strategies and interventions should be
tested in other locations to determine possible nationwide
implementation.
As an OST/STEM enrichment program, HSTA offers participants essential tools to improve upon gatekeeper qualifications—namely, standardized tests. This is a breakthrough
for students who historically exhibit lower standardized test
Journal of STEM Outreach

All
graduates

African American
graduates

Medicine and pre-med (MD, DO)

77

21

Medicine, non-MD (physician
assistant, nurse practitioner, etc.)

32

3

Dentistry

13

2

Nursing

301

62

Pharmacy

44

14

Rehabilitative care (physical therapy, occupational therapy, sports
medicine, etc.)

101

36

Patient care, other (medical assistant, respiratory therapy, etc.)

156

43

Public and community health

22

13

Health care administration

36

8

Mental health care

175

77

Radiology and related

34

4

Allied health care (speech pathology, audiology, etc.)

38

11

Research and pre-health care
professional (biomedical science,
biology, chemistry, etc.)

177

42

STEM areas (Science, Technology,
Mathematics, Engineering)

238

56

*Health professions degrees include associates degrees and professional degrees.
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ity of these programs in assisting underserved students to
overcome educational barriers in pursuit of a higher standard
of living.

Carter, F. D., Mandell, M., and Maton, K. I. (2009). The influence of on-campus, academic year undergraduate research
on STEM Ph.D. outcomes: Evidence from the Meyerhoff
Scholarship Program. Educational Evaluation and Policy
Analysis, 31(4), 441-462.
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